The catalytic machinery of chondroitinase ABC I utilizes a calcium coordination strategy to optimally process dermatan sulfate.
The chondroitinases are bacterial lyases that specifically cleave chondroitin sulfate and/or dermatan sulfate glycosaminoglycans. One of these enzymes, chondroitinase ABC I from Proteus vulgaris, has the broadest substrate specificity and has been widely used to depolymerize these glycosaminoglycans. Biochemical and structural studies to investigate the active site of chondroitinase ABC I have provided important insights into the catalytic amino acids. In this study, we demonstrate that calcium, a divalent ion, preferentially increases the activity of chondroitinase ABC I toward dermatan versus chondroitin substrates in a concentration-dependent manner. Through biochemical and biophysical investigations, we have established that chondroitinase ABC I binds calcium. Experiments using terbium, a fluorescent calcium analogue, confirm the specificity of this interaction. On the basis of theoretical structural models of the enzyme-substrate complexes, specific amino acids that could potentially play a role in calcium coordination were identified. These amino acids were investigated through site-directed mutagenesis studies and kinetic assays to identify possible mechanisms for calcium-mediated processing of the dermatan substrate in the active site of the enzyme.